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MSHA/OSRV

,;rCiable

Sutch Ridge Road, Beaver, Pennsylvania 15009

Mine Safety and Hezlth Administration
1100 Wilson Blvd., room 2350
Arlington, Virgimia 22209-3939

REFERRRING TO:;’ CFR 30 Parts 18 and 75, RIN 1219-AB34

Dear Sirs:

After reviewing the ncw proposals for design requirements for approval of high-voltage continuous mining
machines operating in face areas of underground mines, there are several points that must be made. They
are as follows: | |

1 Page 4281ff7, col. 1: The No.16 AWG “stranded” gronnd check wire as described should be
changed to: “special anmlar stranded with extensibility,” to describe the only type of wire that will
withstand the bending and flexing seen in the center interstice of a cable. Stranding of standard lay-up will
not withstand the rigors of this central location. The standard stranded #10AWG Ground-Check wire in the
outer interstice of a2 Type SHD-GC will withstand the rigors of flexing and bending because it is in a helix
and, hence, is capable of excellent fatigoe resistance as it moves in concert with the power conductors. The
GC in the outer intérstice is actnally exposed to less mechanical stress due to its location in the helix. The
center ground check wire has to have extensibility incorporated into the strand itself, much like a telephone
handset cord. This fis due to its axial location and no helix to absorb the flexing.

2) Page 42817. col. 1 and page 42822, Section 75.826: A new jacket compound has been developed
for the mining industry, including underground coal. This new jacket material has a very high tensile
strength and is extremely resistant to abrasion and tear. It is far superior to any rubber jacket compound
available today, This material is Thermoplastic Polyurethane (TPU). TPU jacket physical properties are
very nearly double'that of rubber compounds in tensile strength and tear resistance. The abrasion resistance
ofTPUisﬁvet;iméstlntofmo’stmbberjackets. This is shown in Table 1 below. A review of these
properties shows that this new TPU material (non-black in color) should be added to RIN 1219-AB34 as an
aooeptahlealteg&mf;ﬁjack&ingmmni The compaund is sa rugged that it hac anly been extruded in a
single-layer. The single layer is stronger than a two-layer rubber jacket. The problem with two-layer
momdwmmkaMmm&mwmmCMSE
gn:ntgonthe_t;vo—@ycr rubber jackets. Many and various adhesives have been tried on two-layers of TPU,
no avail. |

3) Page 42823, col. 2, Section 75.826: Cable handling issues documented here are subjected

s o3s P > y to

individual mining practices. However, in this writer’s opinion, therc is no nced to require and go o the

;:a(vtregleee measures of ngh Voltage gloves to handle these cables. Cables for 2300 Volt Continuous Miners

Ia me n s;ﬁaﬂfr des:gmd based upon the strengﬁsﬁ;f today’s highly engineered insulations, jacket
pounds, and special tapes. These same cables wi two-laver rubber § i

Jackes are romme%y used at 4160 Volts, Jackets and single-iayer TPU

Looking at the cable in detail, the following should be noted: T i

nxgged use expanenced in all types of minin : g. The Ethylene Prgks:fc:DRubbe-GC ?%gemmdﬁlﬁegi?r e
Mm@@@mmmmmmmmwwehmmmmm
found in specxﬁwtaon S—7§-381. Most EPR insulations are rated and will withstand 550 Volts per mil
Dividing 2300V by 110 mils quotieat is 20.9 véés per ﬁe e!ze)ctrml ;ﬁejn&&eggz i:jx;atﬁzg: Ogiol'ts:
SSOVPmbyZO.S Vpm yields a safety factor of 26.3. The insulation of this cable has 26.3 times ﬂle vidice
electrical strength that the insulation will ever experience on a 2300V Continuous Miner. Per the Insulated
Cable Engineers Assocxauon, all 5000-volt SHD-GC cables are tested at 13kV AC before being shipped
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he factory. Tlns is at the rate of 118Vpm of insulation wall. Tahle_S, colmpns 4 and 5 show the
A physical recuirzments for EPR insnlation and typical values for this material.

JCRA requires that 500 Voit SHD-GC cables have a Strand Shield (SS) over the annealed copper power
conductor. The strand shield encapsulates the power conductor in semi-conductive (semi-con) rubber, or with a
semi~conductive tape.: This semi-con material is used 10 equalize radial electrical stresses that the strand would
place on the insulation if it were not covered with the semi-con layer. The SS “rounds-out” the strand so there are
no “high points™ which might electrically stresses the insulation unevenly. Table 2 shows the wall thickness of a
typical extruded strand shield.

Overt}mEPRhmhéimmﬂmMVCmeshﬁmcﬂ)k&_aqmial Semi-conductive tape (SCT) is
helically applied with;a mininmmm 15% overlap. This tape is comprised of cloth having a semi-conductive rubber
coating laminated intc the fabric. The insulation surface has 100% coverage with this semi-con tape. If any sharp
object penetrates the cable, passes through the tape, and into the power conductor, the tape plus the copper/fabric
braid shicld provide 2 well-defined path to ground. If the cable is crushed or pinched, the semi-conductive tape
threads will be the first to make contact with the power conductor and provide an instantancous path to the
Looking at the metallic shielding, one can see that the copper and textile braid shielding is substantial. This
provides a copper coverage of 60% minimmm. The copper component of the shield is comprised of 12 camiers
(groups) of copper wires, each having 6 ends (individual wires). A typical copper/textile braid wire is comprised
of #28AWG (0.0126/ mch dmmeter) individual wires. With these wires, the total copper coverage of 60% is
achieved per ICEA specification S-75-381.

TngmmﬂingmfﬁéﬁmsinSkVSHD-GCc:ﬂﬂesaresimdmﬂinngCEA §-75-381. This requirement is in
m&ﬂqﬁ@di@%ﬂ%ﬁ.m@ﬁ]ﬁl&wﬁ&m “The cross-sectional area (size) of the
gmmdingwuexsatl@estone-tmlfﬂlecmss-secﬁonalare(size)ofﬂlepowercondmtorwheremepoweroonductor

mdlsNo6AWGos*largex” Table 2 shows the actual percentage of grounding conductor cross-sectional area

L Table 1
Properties - TPU jackets EHD rubber jackets, | Typical  EHD
P ICEA minimums rubber jackets
Tansilesnmgth,pa 5000 2400 2900
Elongation 3t rupture, | 500 300 500
% .
Tensle  strngih _at | 1100 700 900
200% elongztion |
Tear streagihi, pounds | 120 0 55
perinch .
Abrasion Tndex™ & No requirement 70

*Materialloss due to Zbrasion results in lower number indicating befter abrasion resistance,



Table 2

] S Gomd S of | Jacket wall

WG S, : \ AWG (2 per | gromd

1 cable) Ratio  t©
‘ power
conductor)

1 “[0015me | 0.110imch 5 7% 0205 mch
1/0 : ;3.015 inch k 0.110inch 4 T9% 0220 inch

The jacket itself provides excellent protection for the cable core. Jacket materials exceed ICEA S-75-381
specification in all citegories. A typical material is Extra-Heavy-Duty (EHD) Chilorinated Polyethylene (CPE)
Rubber. Jacket materials have been specially formmiated and compounded to exceed the ICEA minimuin physical
valucs shown in Table 3, columns 2 and 3. These materials have very good tensile strength; tear resistance, and
abrasion resistance. Rubber jackets on Type SHD-GC cables mmust applied in two layers with a bi-directional
reinforcing twine!in-between the layers per ICEA S-75-381.  This twine aids in tear resistance of the rubber.
The twine serves as a barrier to cuts, just the belting in automobile tires provides added cut and puncture
resistance. 'Ihctwn]acketlaycxsarcvnlcamzedtogetmrwnhambmd This bond, in and of itself, is
another one of the important fondamentals, which make this cable rugged. Coloring the jackets makes the cables
more visible and easy to identify. Colored jackets have the same physical properties as the black Type SHD-GC
cable jackets. There is no loss of physical properties when using colored jackets. Lastly, the jacket wall thickness
specified by ICEA §-75-381 is commonly met and usually exceeded by cable manufactorers. The wall itself is
uniform and consistent . The surface of the cable jacket is smooth and dense. This is what gives the outer jacket

hmlmmmembkdmgn,nbbermmmﬂmmmngmmakeﬂmmﬂe
wpableofwithstandgngﬂleexnunelyﬂgxmsemﬁmmmcfmhﬁng This, coupled with the extremely sensitive
mmmﬁmmwmmmmmmm 1219-AB 34 indicate that mine
operators should be allowed to harxdle the 2300 Volt Continzous Miner cable without the use of High Voltage
gloves or other special equipment, when desired ’

Table 3
ICEA Minimum Requirements " Typical Values
ICEA §8-75-381 EPR insulation EHD rubber jackets | EPR insulation EHD rubber
: f ” jackets
| Tensile strength, psic | 1200 2400 1700 2900
Elongafon a nphure, | 150 300 325 500
o Lo
Tensile suengtﬁ at No requirement 700 No requirement
200% elongation ° 70
Tear mziilmgm, pounds | No requirement 40 No requirement 55
per P




Mark Fuller :
Senior Technical Manager
cc: Gary Mostyn s

Drayton Land
Attachments
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Physical Properties of Jacketing Compounds
Tiger Tip M1005
Page 1 of 2

Tensile strength is the maximum stress of
rubber components during destructive
testing. A good tensile value indicates,
among other things, the general toughness of
a jacket. Tensile strength is measured on
small specimens and calculated out to pound
per square inch (psi).

Elongation at rupture is the ultimate
extension of the rubber specimen prior to
destruction. In a cable, the copper
conductors carry the entire load and will
break long before the jacket's ultimate
elongation is reached. In actual service, the
elongation value does not play a big role.

Elongation, when coupled, with tensile,
shows the "state of cure" of the jacket when
compared to ICEA (Insulated Cable
Engineers Association) minimums, a very
high elongation and low tensile can indicate
an under cured jacket. Conversely, a very
low elongation coupled with high tensile
may indicate an over cured cable jacket.

Modulus, or tensile strength at 200%
elongation of the rubber specimen, gives a
good indication of the strength of the
material even under mild -elongation.
Modulus is most important where 1) forces
are known to elongate the copper and,
hence, the jacket, and 2) where the cable 1s
bent in a tight radius. In either case, if the
outer jacket is subjected to abrasion and/or
cutting, low modulus can negatively affect
Jjacket life.

Tear strength is measured in pound per
inch thickness and is an ICEA requirement
for extra-heavy-duty rubber jackets. Heavy-
duty jackets do not have an ICEA tear
requirement. As far as overall durability,
tear probably tells more than any single
ICEA test. Jackets that have good tear
strength usually have good abrasion
resistance also. Good compounding and on-
target curing will achieve excellent tear and
abrasion performance. However, when
selecting a jacket, it is best to study all
values. In nearly all cases, extra-heavy-duty
material will perform better than heavy-duty
material in the mechanical environments of
flex, torsion, and abrasion.

Abrasion/ index is an indication of the
abrasion resistance of a jacket compound. It
is a number measured per ISO 4649, with
lower numbers indicating higher resistance
to abrasion. In severe mining applications
an abraded jacket can lead to cable failure.
Although it is not an ICEA requirement, it is
an important element to consider in
choosing an appropriate jacket material.

AmerCable utilizes several jacket materials
that meet or exceed the Extra-Heavy-Duty
requirements of ICEA. Typical values for
each of these materials, as well as other
important characteristics, are summarized in
the following table. The ICEA minimum
requirements are also listed for comparison.
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Physical Properties of Jacketing Compounds

Tiger Tip M1005
Page 2 of 2
Typical Values
Table I
ICEA Chlorinated Chlorosulfonated | Thermoplastic
Minimums for Polyethylene Polyethylene Polyurethane Natural Rubber
EHD Jackets (CPE) (Hypalon®) (TPU)
Tensile Strength,
psi 2400 2900 3000 5000 3800
Elongation @
Rupture, percent 300 500 500 500 480
Modulus, psi @
200% 700 900 900 1100 825
Tear Strength,
Ibs per inch 40 50 50 120 86
thickness
Abrasion Index,
per ISO 4649 | no requirement 70 74 15 56
Table IT
Chlorinated Chlorosulfonated | Thermoplastic
Polyethylene Polyethylene Polyurethane Natural Rubber
(CPE) (Hypalon®) (TPU)
Ozone
Resistance Excellent Excellent Excellent Fair
Sunlight
Resistance Excellent Excellent Good Good
. Flame
Resistance Good Good Fair Poor
Hcat
Resistance Good Good Good Fair
Low
Temperature Excellent Excellent Good Excellent
Flexibility
Oil
Resistance Good Good Good Poor
Colorability Excellent Good Excellent Poor






